the levels of GGT and ALT were recognized as predictors for type 2 diabetes in several prospective studies [4] [5] [6] .
The serum triglyceride (TG) level is usually determined by the balance between the synthesis and secretion of TG-rich lipoproteins including very low density lipoprotein (VLDL)-TG in the liver and its clearance from blood vessels by peripheral lipoprotein lipase (LPL) activity, which hydrolyses TG in an insulin-dependent manner. Thus, insulin resistance and hyperinsulinemia are often associated with hypertriglyceridemia because the disease state promotes the synthesis of VLDL-TG, mainly via the activation of sterol regulatory element-binding protein-1c (SREBP1c) in the liver. There is also marked accumulation of TG-rich lipoproteins in the blood as a result of decreased peripheral LPL activity [7] . Thus, the serum cording to the median BMI, which was 22.18 kg/m 2 in the full study population (Group L, BMI <22.18 kg/ m 2 ; Group N, BMI ≥22.18 kg/m 2 ). The study protocol was approved by the Institutional Review Board of the Fukuoka University, and all of the subjects gave written informed consent before participating in this study.
Methods
Body weight (kg) and height (cm) were recorded, and BMI (kg/m 2 ) was calculated. All blood samples were obtained after a 12-hr overnight fast. The OGTT was performed after collecting venous blood samples for the measurement of liver enzymes and lipid profiles. Blood samples for determining the PG and serum insulin levels were drawn at 0, 30, 60 and 120 min during the OGTT. The areas under the curve of glucose (AUC G 0-120 ) and insulin (AUC I 0-120 ) from 0 to 120 min during the OGTT were calculated. Insulin sensitivity was determined as HOMA-IR, which was calculated as the fasting immunoreactive insulin (F-IRI) (μU/mL) × FPG (mmol/L) divided by 22.5 for the fasting state [14, 15] , and the insulin sensitivity index (ISI composite), calculated as 10,000/square root of (FPG × F-IRI) × (mean PG ×mean IRI during OGTT) [15, 16] . We used three indices of β-cell function. HOMA-β was calculated as [F-IRI (μU/mL) × 20]/[FPG (mmol/L) -3.5] [14] . ΔI 30 /ΔG 30 was calculated the ratio of the 30-min increment in insulin level to the 30-min increment in glucose level in the OGTT [17] . Finally, to provide an estimate for β-cell function adjusted for the degree of insulin resistance, we calculated the product of the insulin secretion × insulin sensitivity as ΔI 30 /ΔG 30 /HOMA-IR. This index was introduced based on the concept of the disposition index [16, 18, 19] . The ΔI 30 /ΔG 30 and ΔI 30 /ΔG 30 /HOMA-IR were assessed as markers for postprandial early-phase insulin secretion. PG was measured with a glucose oxidase method using an automatic analyzer (Arkray, Kyoto, Japan). Immunoreactive insulin was measured using an electrochemiluminescence immunoassay (Elecsys 2010, Roche, Germany). Serum AST, ALT, GGT total cholesterol (TC) and TG were measured using an automated analyzer (7600, Hitachi, Japan).
Statistical Analysis
All data are expressed as means ± standard deviation. The group values were compared by the MannWhitney U test. Correlations between the liver enzymes or lipid profiles and the indices of insulin TG level was shown to be negatively associated with hepatic insulin sensitivity [8, 9] .
The plasma glucose (PG) levels at 60 and 120 min during a 75-g oral glucose tolerance test (OGTT) have been also suggested to predict the development of diabetes in non-diabetic subjects [10, 11] . To date, most studies to identify predictors for the development of diabetes have been done in middle-aged or elderly subjects, not in young subjects. The significance of these metabolic parameters in normal healthy young adults is not fully understood. In Japan, the number of patients with diabetes is increasing every year, and the age of the onset is becoming younger [12] . Therefore, interventions to prevent diabetes are increasingly being needed to reduce the risk of diabetes in this population.
In the present study, we measured serum levels of liver enzymes and lipids in Japanese adult males aged 20-29 years of age, with normal glucose tolerance (NGT), and determined the associations between these parameters and indices of insulin sensitivity obtained from a 75-g OGTT. We found that the serum levels of GGT, TC and TG were associated with the PG level at 60 min during a 75-g OGTT, suggesting the potential use of GGT, TC and TG as predictors for the future development of diabetes in young adult males.
Materials and Methods

Subjects
Subjects with NGT aged 20-29 years old were selected from among the students of our university who participated in general health examinations at Fukuoka University Hospital between 2004 and 2007. Glucose tolerance was determined by the OGTT in accordance with the World Health Organization criteria [13] . Overall, 123 male subjects who were randomly selected from the school register underwent a 75-g OGTT. Of these, 117 had NGT, which was defined as fasting PG (FPG) <6.1 mmol/L (110 mg/dL) and PG 120 <7.8 mmol/L (140 mg/dL). The other six subjects had impaired glucose tolerance (IGT), which was defined as FPG <7.0 mmol/L (126 mg/dL) and PG 120 of 7.8-11.1 mmol/L (140-200 mg/dL). Subjects with IGT were excluded from this study. Subjects taking any medications, and those with hypertension, renal or endocrine diseases, or hepatic viral infections, were excluded. A total of 110 subjects with NGT were included in this study. To elucidate the effects of the BMI, the young subjects with NGT were divided into two groups ac-was assessed by the HOMA-IR and the ISI composite; HOMA-IR was higher and the ISI composite was lower in Group N than in Group L. β-cell function was assessed as HOMA-β, ΔI 30 /ΔG 30 , and ΔI 30 /ΔG 30 /HOMA-IR. Although HOMA-β was higher, ΔI 30 /ΔG 30 /HOMA-IR was lower in Group N than in Group L. In terms of liver enzymes and lipid profiles, while there were no differences in the serum levels of TC between the two groups, the serum levels of AST, ALT, GGT and TG were higher in Group N than in Group L.
Relationship between biochemical parameters and insulin sensitivity
We investigated whether the serum levels of liver enzymes and lipid profiles were associated with the parameters of insulin sensitivity for these male subjects aged 20-29 years. Table 2 shows that serum ALT, GGT and TG were correlated with the F-IRI, sensitivity were determined by simple linear regression, for which variables with non-normal distribution (AST, ALT and GGT) were log transformed. To identify the parameters that were associated with the PG levels at 60 (PG 60 ) and 120 (PG 120 ) min, we performed multivariate linear regression with PG 60 or PG 120 as the dependent variable and the indices of insulin secretion or insulin sensitivity, and the metabolic parameters as independent variables. A level of p < 0.05 was considered statistically significant.
results
Subject characteristics
As shown in Table 1 , there were no differences in age, PG levels at any time point or AUC G 0-120 between Groups L and N. F-IRI and AUC IRI 0-120 were higher in Group N than in Group L. Insulin sensitivity Factors associated with the PG levels at each time point during the OGTT Next, we investigated the correlations between PG 60 or PG 120 during the OGTT with the indices of insulin sensitivity, β-cell function and biochemical parameters (Table 4) . PG 60 was associated with BMI, ISI composite, ΔI 30 /ΔG 30, ΔI 30 /ΔG 30 /HOMA-IR, and serum GGT, TC and TG in the full study population. PG 60 in Group L was only correlated with ΔI 30 /ΔG 30 and ΔI 30 / ΔG 30 /HOMA-IR, reflecting post-prandial insulin secretion during the early phase, and TC. In Group N, the correlations between PG 60 and these parameters were similar to those in the full study population. As shown in Table 4 and Fig. 1 , PG 60 was correlated with TC in Group L, and with GGT, TC and TG in Group N, respectively.
PG 120 was associated with ΔI 30 /ΔG 30 , ΔI 30 /ΔG 30 / HOMA-IR and serum GGT and TC in the full study HOMA-IR and the ISI composite in the full study population. While serum TC showed a weak correlation with F-IRI and HOMA-IR, serum AST was only associated with the F-IRI. BMI was closely associated with the all indices of insulin sensitivity, being positively correlated with F-IRI and HOMA-IR, and negatively correlated with the ISI composite. Next, we reexamined these associations in the two subgroups of subjects divided by BMI. As shown in Table 3 , the serum liver enzymes and lipid profiles were not associated with the indices of insulin sensitivity in Group L. By contrast, in Group N, the serum liver enzymes, except for AST, and lipid profiles were associated with the ISI composite. In addition, serum TC was associated with F-IRI and HOMA-IR. Serum AST was not associated with any of these parameters in either subgroup (data not shown). 120 Multiple linear regression analysis was performed to explore the determinants for PG 60 or PG 120 , with adjustment for age and BMI (Table 5) . PG 60 was signifi-
fig. 1
Correlations between PG 60 (mg/dL) and serum levels of GGT, TC and TG in Groups L and N. The level of GGT was log transformed. These figures depict the data presented in Table 4. C-reactive protein, a marker for inflammation, which may impair insulin sensitivity of the whole body and that of the liver [2, 21] . In this sense, the puzzling disappearance of the positive correlation between liver enzymes and lipid profiles with HOMA-IR in Group N may simply suggest that the elevation of these biochemical parameters more strongly reflects the insulin sensitivity in the whole body rather than that in the liver in healthy young males. Piche et al. reported that the risk of diabetes increases when PG 120 during a 75-g OGTT is ≥5.6 mmol/L (100 mg/dL) [11] . Regarding the relationship between PG 60 and the risk of developing diabetes, the Japan Diabetes Society has recommended that, because subjects with PG 60 >180 mg/dL are at increased risk of diabetes, further screening should be performed [10] . Moreover, it was shown that subjects with PG 60 >8.6 mmol/L (155 mg/dL) had a five-fold increased risk for diabetes than those with PG 60 <8.6 mmol/L (155 mg/dL) [22] .
Therefore, although our study is limited by its cross-sectional design, we attempted to investigate the factors associated with PG 60 or PG 120 , to identify risk factors for future diabetes in healthy young males. As a result, the parameters that were most strongly correlated with PG 60 and PG 120 in both Groups L and N were the indices of early phase-insulin secretion. Interestingly, in Group N, ΔI 30 /ΔG 30 /HOMA-IR showed a stronger association with PG 60 and PG 120 than did ΔI 30 /ΔG 30 , suggesting ΔI 30 /ΔG 30 /HOMA-IR is more useful than ΔI 30 /ΔG 30 for the evaluation of early
Discussion
Several cross-sectional studies have documented that the serum levels of AST, ALT, GGT and TG are associated with HOMA-IR, as a marker for hepatic insulin resistance, in middle-aged and elderly non-diabetic subjects [1] [2] [3] 8] . In this study, we included male subjects aged 20-29 years with NGT, and observed similar results. The serum levels of ALT, GGT, TC and TG were correlated with a marker for liver insulin sensitivity, HOMA-IR, and with a marker for wholebody insulin sensitivity, the ISI composite. Our observations were highly dependent on BMI because these strong correlations between insulin sensitivity and liver enzymes and/or lipid profile were only observed in subjects with a BMI of ≥22.18 kg/m 2 (Group N) but not in subjects with a BMI of <22.18 kg/m 2 (Group L). Although many studies have revealed a close correlation between HOMA-IR and liver enzymes [1] [2] [3] 7] , no studies have focused on the relationship between liver enzymes and markers of whole-body insulin sensitivity, such as the ISI composite, except for one study showing the association between ALT levels with insulin sensitivity assessed by the glucose clamp method [20] . The negative correlation between liver enzymes and lipid levels with the ISI composite in Group N in our study support the earlier findings that the levels of ALT and GGT could reflect visceral fat deposition [21] , which is closely linked to wholebody insulin resistance. GGT was also reported to be positively associated with the levels of high-sensitive Collectively, our results suggest that, even young healthy males with NGT but relatively higher serum GGT or TG levels are at higher risk for diabetes. The causality for the relationship between TC and PG 60 has not yet been established. We suggest that elevated TC levels could be included as a predictor for future diabetes, particularly in young males, because of the strong association between TC and PG 60 in this study. However, more elaborate future studies, including measurements of low-density lipoprotein-cholesterol and high-density lipoprotein-cholesterol, are needed to confirm the significance of the findings in the present study.
Our study has several limitations. First, no studies in young adults have been done to confirm the relationship between PG 60 and the risk of developing diabetes. Second, all of the participants were students at our private university and the sample size was small. Therefore, further studies should include a larger general population. Third, the associations of GGT, TC and TG with the ISI composite and PG 60 in these young males with NGT suggest the potential use of GGT, TC and TG as predictors of diabetes development, but are not confirmative because our study was cross-sectional. Thus, prospective longitudinal studies of young healthy subjects with NGT are needed to confirm these findings.
In conclusion, the serum levels of ALT, GGT, TC and TG were inversely associated with insulin sensitivity, and those associations were dependent on BMI. Although early-phase insulin secretion was the common contributor to the postprandial PG levels at 60 and 120 min during the 75-g OGTT in young males, regardless of BMI, it should be emphasized that the serum levels of TC and TG, as well as the value of GGT, might be valuable markers for prediabetic risk in young males, particularly in individuals with a BMI of ≥22.18 kg/m 2 . phase-insulin secretion because insulin secretion can be modified and accelerated to compensate for the increase in the insulin resistance accompanied by weight gain [23] . In Group L, ΔI 30 /ΔG 30 was correlated very well with PG 120 , probably because of the relatively low insulin resistance. Accordingly, even in healthy young males with NGT, the early-phase insulin secretion capacity at 30 min during a 75-g OGTT seems to be a good predictor of incidence of type 2 diabetes in young males regardless of BMI. In addition, it should be noted that the serum levels of TC, TG and GGT were also closely associated with PG 60 , irrespective of the disappearance of the association between ISI composite and PG 60 after adjusting for age and BMI, and could also be used as predictors for future diabetes development in young males.
Many previous reports have demonstrated that elevated GGT level is a risk factor for incident diabetes [4] [5] [6] . A recent study has also demonstrated that high BMI is associated with prevalent diabetes but only if the serum GGT level was high, even within the normal range [24] , supporting our finding of the close association between GGT and PG 60 in males with a BMI of ≥22.18 kg/m 2 . Several studies demonstrated that TG levels could also aid in the prediction of future type 2 diabetes [25, 26] . The association between the levels of TG and diabetes indicates that the TG level is a sensitive marker for life-style habits, such as diet and physical activity, which are related to the risk of developing diabetes. Moreover, several cohort studies of older individuals have proposed that the TG level is an independent risk factor for diabetes [27, 28] . A recent report demonstrated that TG levels of >120 mg/ dL, which is lower than that included in the criteria for metabolic syndrome (i.e., >150 mg/dL), were associated with greater diabetes risk compared with levels of < 66 mg/dL in young healthy males [29] . These findings also support our results. 
